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(54) Semiconductor module and semiconductor module heat radiation plate

(57) In a semiconductor module 10 in which a sem-
iconductor device 17 is mounted on both surfaces of a
circuit board 11 and heat radiation plates 12a, 12b are
provided to both surfaces of the circuit board to cover the
semiconductor device, a fitting hole via which the heat
radiation plates 12a, 12b are fitted is formed in the circuit
board 11, and a housing recess portion 18 in which the
semiconductor devices 11 are housed is provided to both

heat radiation plates 12a, 12b fitted to both surfaces of
the circuit board 11 respectively and a fitting edge portion
25 is provided in a position of both heat radiation plates
that overlaps with a position in which the fitting hole is
formed, and also a fixing means 20 for fixing both heat
radiation plates 12a, 12b to the circuit board 11 by caulk-
ing to align with the fitting hole is provided to fitting edge
portions 25 integrally with the heat radiation plates 12a,
12b.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a semiconduc-
tor module such as a memory module, or the like and a
semiconductor module heat radiation plate used in this
module.

BACKGROUND OF THE INVENTION

[0002] A configuration of the semiconductor module in
the related art will be explained while taking an extended
or expanded memory module used in the personal com-
puter, or the like as an example. FIG.11 shows a partial
sectional view of a memory module 15 having metal
plates 36a, 36b as the heat radiation plate. The memory
module 15 is constructed by sandwiching both sides of
a circuit board 11 by the metal plates 36a, 36b and then
securing the metal plates 36a, 36b to the circuit board
11. A plurality of semiconductor memories 17 is mounted
respectively on both surfaces of the circuit board 11. A
thermal conduction tape 28 for improving a heat dissipa-
tion capacity from the semiconductor memories 17 is in-
terposed between the semiconductor memories 17 and
the metal plates 36a, 36b respectively.
[0003] A planar shape pf the circuit board 11 is formed
as an almost rectangle, and a card-edge connector used
to get an electrical connection with an external device is
provided along one long side.
The metal plates 36a, 36b fitted to the circuit board 11 is
formed as an almost rectangle that covers an overall
mounted areas of the semiconductor memories 17
mounted on the circuit board 11 except an area in which
the card-edge connector is formed. A housing recess por-
tion 18 having a depth at which a back surface of the
semiconductor memory 17 comes into contact with the
housing recess portion is formed on the metal plates 36a,
36b respectively. The metal plates 36a, 36b come into
contact with the circuit board 11 only via peripheral por-
tions of the housing recess portion 18, and thus the metal
plates 36a, 36b are secured to the circuit board 11 via
these peripheral portions.
[0004] In the memory module 15 shown in FIG.11,
through holes 13a, 13b provided in the metal plates 36a,
36b and fitting holes 14 provided in the circuit board 11
are aligned mutually, then rivets 16 are inserted into the
through holes 13a, 13b and the fitting holes 14 respec-
tively, and then the metal plates 36a, 36b and the circuit
board 11 are riveted together by crashing both ends of
the rivets 16.
An approach of fitting the heat radiation plate onto the
circuit board using such rivets is employed in the elec-
tronic control device set forth in Japanese Patent Docu-
ment No. 2002-134970, for example.
[0005] The method of forming the semiconductor mod-
ule having the heat radiation plate by fitting the metal
plates 36a, 36b onto the circuit board 11, on which the

semiconductor memories 17 are mounted, using the riv-
ets 16, as described above, contains such problems that
the number of parts constituting the semiconductor mod-
ule is increased and also the riveting operation is trou-
blesome.
In this case, as a different method from the method of
fitting the metal plate (heat radiation plate) by the riveting,
there is the method of clamping the metal plates arranged
on both sides of the circuit board from the outside using
U-shaped clips to fit the metal plates to the circuit board
in a situation that the circuit board is put between the
metal plates. However, in the case of this method, such
a problem exists that alignment between the circuit board
and the metal plates cannot be precisely attained.

SUMMARY OF THE INVENTION

[0006] The problems in the state of the art are at least
partly solved by the present invention. According to as-
pects of the present invention a semiconductor module
according to claim 1, a semiconductor module heat ra-
diation plate according to claim 10, a method of producing
a semiconductor module heat radiation plate according
to claim 12 and a method of producing a semiconductor
module according to claim 13 is provided. Further advan-
tages, aspects, features and details of the invention are
evident from the dependent claims, the description, and
the accompanying drawings.
[0007] The disclosure below describes a semiconduc-
tor module heat radiation plate capable of facilitating an
assembling operation of a semiconductor module having
a heat radiation plate and also constituting a semicon-
ductor module that is excellent in radiation performance,
and a semiconductor module using this heat radiation
plate.
According to an aspect of the present invention a semi-
conductor module is provided. In the semiconductor
module in which a semiconductor device is mounted on
both surfaces of a circuit board and heat radiation plates
are provided to both surfaces of the circuit board to cover
the semiconductor device, a fitting hole via which the
heat radiation plates are fitted is formed in the circuit
board, and a housing recess portion in which the semi-
conductor devices are housed is provided to both heat
radiation plates fitted to both surfaces of the circuit board
respectively and a fitting edge portion is provided in a
position of both heat radiation plates that overlaps with
a position in which the fitting hole is formed, and also a
fixing means for fixing both heat radiation plates to the
circuit board 11 by caulking to align with the fitting hole
is provided to fitting edge portions integrally with the heat
radiation plates.
[0008] An example implementation of the invention is
described below. A semiconductor module comprising:
a circuit board; semiconductor devices mounted on both
surfaces of the circuit board; and heat radiation plates
provided to the both surfaces of the circuit board to cover
the semiconductor devices. The circuit board has a fitting
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hole via which the heat radiation plates are fitted. Each
of heat radiation plates has a housing recess portion in
which the semiconductor device is housed. Each of heat
radiation plates has a fitting edge portion in a position
that overlaps with a position in which the fitting hole is
formed. Each of heat radiation plates has a fixing mem-
ber, which is provided at the fitting edge portion and in-
tegrally with the heat radiation plate, for fixing both heat
radiation plates to the circuit board by caulking to align
with the fitting hole.
Here, the semiconductor device mounted on the circuit
board contains the case where the semiconductor device
is mounted in its resin sealed state. Also, a concept of
the fitting hole via which the heat radiation plate is fitted
contains the notch formed by cutting away the end edge
portion of the circuit board, in addition to the through hole
that is provided to pass through the circuit board.
[0009] Also, the fitting edge portion may be provided
within a board plane of the circuit board on an outside of
the housing recess portion. Therefore, the semiconduc-
tor module to which the heat radiation plate is fitted can
be assembled in compact.
Also, the fixing member may be formed on one of the
heat radiation plates as a fitting projection and may be
formed on the other of the heat radiation plates as a fitted
hole that engages with the fitting projection. Therefore,
the heat radiation plate can be easily fitted to the circuit
board by the caulking. Also, the processes of forming the
fitting projection and the fitted hole in the heat radiation
plate can be executed as one of a series of processing
steps that are executed to process the heat radiation
plate.
[0010] Also, the fitting hole may be formed in plural as
a paired arrangement in which arrangement positions
are common on front and back surfaces of the circuit
board, and the fixing member formed to correspond to
one fitting hole as the paired arrangement and the fixing
member formed to correspond to other fitting hole as the
paired arrangement may be formed on both heat radia-
tion plates as paired structures that are fitted mutually
and fixed by caulking. Therefore, the structure of the heat
radiation plate fitted to both surfaces of the circuit board
can be uniformalized, and the semiconductor module can
be constructed only by using one type of heat radiation
plate.
Also, the fitting hole may be formed as a notch in both
end edges of the circuit board in a longitudinal direction
respectively. Therefore, the fitting of the heat radiation
plate can be facilitated and also a fitting space required
to fit the circuit board to the equipment, or the like can
be utilized effectively in fitting the heat radiation plate.
Also, one of the fixing members may be formed as a
fitting projection and other of the fixing members may be
formed as a fitted hole that is combined with the fitting
projection.
[0011] Also, according to a typical embodiment, the
fitting projection has a first projection inserted into the
fitting hole and a second projection formed to project from

an end surface of the first projection, the fitted hole is
formed to have a diameter dimension through which the
second projection is inserted into a projected portion that
is inserted into the fitting hole, and then fixed by caulking,
and a height sum of the first projection and a level differ-
ence portion of the projected portion coincides with a
thickness of the circuit board.
Also, according to a typical embodiment, the fitting pro-
jection has a first projection inserted into the fitting hole
and a second projection formed to project from an end
surface of the first projection, the fitted hole is formed to
have a diameter dimension through which the second
projection is inserted and then fixed by caulking, and a
height of a level difference portion of the first projection
coincides with a thickness of the circuit board. Therefore,
the heat radiation plates can be fitted to the circuit board
in precise alignment only when the heat radiation plates
are fitted to the circuit board by combining the fitting pro-
jections with the fitted holes, and thus the semiconductor
module can be assembled simply into a condition that
the circuit board is put between the radiation boards.
[0012] Also, according to a typical embodiment, there
is provided a semiconductor module heat radiation plate
used in assembling the semiconductor module in which
the fitting hole formed in a circuit board is formed in plural
as a paired arrangement in which arrangement positions
are common on front and back surfaces of the circuit
board, wherein a fixing member formed to correspond to
one fitting hole as the paired arrangement and a fixing
member formed to correspond to other fitting hole as the
paired arrangement are formed on the heat radiation
plate as paired structures with the other heat radiation
plate with the same structure that are fitted mutually and
fixed by caulking.
Also, according to a typical embodiment, one of the fixing
members is formed as a fitting projection and other of
the fixing members is formed as a fitted hole that is com-
bined with the fitting projection. Therefore, the semicon-
ductor module can be assembled by fitting simply the
heat radiation plates to the circuit board.
The invention is also directed to a method for producing
the disclosed semiconductor module and the disclosed
semiconductor module heat radiation plate, and includ-
ing apparatus parts for performing each described meth-
od steps. These method steps may be performed by way
of hardware components, a computer programmed by
appropriate software, by any combination of the two or
in any other manner. Furthermore, the invention is also
directed to methods by which the described apparatus
operates. It includes method steps for carrying out every
function of the apparatus.
[0013] Various implementations may include one or
more the following advantages. For example, since the
semiconductor module according to the present inven-
tion is formed by fixing the heat radiation plates to the
circuit board by caulking while utilizing the fixing means
that are formed integrally with the heat radiation plate,
such module can be assembled extremely simply. Also,
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since the fixing means are formed integrally with the heat
radiation plate, the handling of the parts can be made
easy. Also, the semiconductor module heat radiation
plate according to the present invention can be fitted to
both surfaces of the circuit board by preparing one type
of heat radiation plate, so that the assembling operation
can be facilitated and also a production cost can be re-
duced.
Other features and advantages may be apparent from
the following detailed description, the accompanying
drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the following, preferred embodiments of the
present invention are described in more detail with re-
spect to the figures, therein:

FIG.1 (a) is a plan view showing a configuration of
a semiconductor module according to the present
invention.
FIG.1 (b) is a sectional view showing the configura-
tion of the semiconductor module according to the
present invention.
FIG.2 is an explanatory view showing a structure of
a short side portion of a circuit board in an enlarged
manner.
FIG.3 (a) is a plan view showing a fitting structure of
a heat radiation plate.
FIGS.3 (b), (c) are partial sectional views showing
the fitting structure of the heat radiation plate.
FIG.4 (a) is a plan view showing a fitting structure in
a state that the heat radiation plate is fitted to the
circuit board.
FIG.4 (b) is a sectional view showing the fitting struc-
ture in a state that the heat radiation plate is fitted to
the circuit board.
FIGS.5 (a) to (d) are explanatory views showing
steps of forming a fitting projection on the heat radi-
ation plate.
FIGS.6 (a) to (f) are explanatory views showing steps
of forming a fitted hole in the heat radiation plate.
FIG.7 is an explanatory view showing a method of
assembling a semiconductor module.
FIG.8 is a sectional view showing a state that the
heat radiation plate is fitted.
FIG.9 is a sectional view showing a state that the
heat radiation plate is fitted.
FIG.10 is a sectional view of another embodiment of
a semiconductor module.
FIG.11 is a partial sectional view showing the con-
ventional approach of fitting the heat radiation plate
to the circuit board.

DETAILED DESCRIPTION OF THE DRAWINGS

[0015] As an embodiment of a semiconductor module
according to the present invention, an extended or ex-

panded memory module used in the personal computer,
or the like will be explained hereinafter. Here, the semi-
conductor module according to the present invention is
also applicable to the semiconductor module in which a
semiconductor device other than a semiconductor mem-
ory is packaged or the semiconductor module in which
a semiconductor device is packaged.
[0016] FIG.1 (a) shows a plan view of a memory mod-
ule 10, and FIG.1 (b) shows a sectional view of the mem-
ory module 10. The memory module 10 comprises the
circuit board 11 on both surfaces of which a plurality of
semiconductor memories 17 are mounted respectively,
and metal plates 12a, 12b formed to put the circuit board
11 between them to act as a semiconductor module heat
radiation plate.
[0017] The metal plates 12a, 12b are formed by using
a metal member such as copper, aluminum, or the like.
As shown in FIG.1 (b), a housing recess portion 18 in
which the semiconductor memories 17 are housed is
formed on the surface sides of the metal plates 12a, 12b,
which face to the circuit board 11, respectively. The hous-
ing recess portion 18 is formed by applying the press
working to a metal member, and a peripheral portion of
the housing recess portion 18 acts as a fitting edge por-
tion 25 formed as a flat surface. The housing recess por-
tion 18 which houses the semiconductor memories 17
therein is formed on the metal plates 12a, 12b, and back
surfaces of the semiconductor memories 17 mounted on
the circuit board 11 come into contact with inner surfaces
of the metal plates 12a, 12b in a state that the metal
plates 12a, 12b are fitted to the circuit board 11.
The metal plates 12a, 12b are fitted to the circuit board
11 by fixing members 20 provided on both end portions
(the fitting edge portions 25) in the longitudinal direction.
The structure of the fixing member 20 will be explained
later.
[0018] A planar shape of the circuit board 11 is formed
as an almost rectangle, and a plurality of semiconductor
memories 17 are mounted at a predetermined interval in
the longitudinal direction of the circuit board 11. A card-
edge connector (terminal portion) 19 to get an electrical
connection to an external device is provided to one long
side 11b of the circuit board 11.
A neighboring portion of a short side 11a of the circuit
board 11 is shown in FIG.2 in an enlarged manner. Notch-
es 29, 29 acting as fitting holes are provided to end edges
of the short sides 11a, 11a of the circuit board 11. The
notches 29, 29 are formed by cutting the end edge like
a rectangle on the sides of both the short sides 11a, 11a
of the circuit board 11, which is away from the card-edge
connector 19. Also, the notches 29, 29 formed on both
end edges of the circuit board 11 are formed in bilaterally
symmetrical positions about a centerline CL (see FIG.1)
of the circuit board 11.
[0019] A configuration of one metal plate 12a fitted to
the circuit board 11 is shown in FIG.3 in an enlarged
manner. FIG.3 (a) shows a configuration of the end edge
portions of the metal plate 12a in the longitudinal direction
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in an enlarged manner, and FIG.3 (b) (c) show sectional
views taken along an A-A line and a B-B line of FIG.3 (a)
respectively.
Fitting projections 21 as the fixing member 20 are formed
on the fitting edge portion 25 formed on one end edge of
the metal plate 12a in the longitudinal direction. Fitted
holes 30 as the fixing member 20 are formed on the fitting
edge portion 25 formed on the other end edge of the
metal plate 12a in the longitudinal direction. As shown in
FIG.3 (a), in the present embodiment, two fitting projec-
tions 21 are formed on one end edge of the metal plate
12a and two fitted holes 30 are formed on the other end
edge. The fitting projections 21 and the fitted holes 30
are formed to be aligned with the notches 29, 29 that are
provided to both end edges (short sides) of the circuit
board 11 in the longitudinal direction.
The fitting projections 21 and the fitted holes 30 are
formed in bilaterally symmetrical positions about a cen-
terline CL of the metal plate 12a. The fitting projections
21 and the fitted holes 30 are fitted mutually when they
are engaged with each other.
[0020] In this case, the other metal plate 12b fitted to
the circuit board 11 is formed to have a totally same shape
as one metal plate 12a including the fitting projections
21 and the fitted holes 30. In this manner, since the metal
plates 12a, 12b to which the fitting projections 21 and the
fitted holes 30 are provided are employed, two sheets of
metal plates 12a, 12b are fitted to the circuit board 11 by
the fitting projections 21 and the fitted holes 30 as the
fixing members 20 to put the circuit board 11 between
them.
[0021] Here, steps of forming the fitting projection 21
and the fitted hole 30 on the metal plates 12a, 12b are
shown in FIGS.5 and 6 respectively.
FIG.5 shows steps of forming the fitting projection 21 on
the metal plates 12a, 12b. First, the housing recess por-
tion 18 in which the semiconductor memories 17 are
housed is formed (FIG.5 (b)) by applying the press work-
ing to a metal plate 12 formed as a flat plate shown in
FIG.5 (a). The flat fitting edge portion 25 is formed in
narrow width around the housing recess portion 18.
Then, the half-cut processing is applied to the fitting edge
portion 25. Thus, a first projection 23 is formed to project
from a face 25a, which contacts the circuit board 11, of
the fitting edge portion 25 and have a circular planar
shape (FIG.5(c)). A level difference 26 is formed on the
outer surface side of the fitting edge portion 25 of the
metal plate 12 by the half-cut processing. The first pro-
jection 23 is projected from the inner surface to have a
level difference that is almost equal to the above level
difference.
[0022] Then, the half-cut processing is applied to the
inner area of the first projection 23. Thus, a second pro-
jection 22 whose planar shape is a circle is formed con-
centrically with the second projection 22 (FIG.5 (d)). The
second projection 22 is projected from a face of the first
projection 23by a level difference 22a.
In this manner, the fitting projection 21 consisting of the

first projection 23 and the second projection 22, whose
planar shapes are concentrically arranged and whose
side surfaces are projected stepwise respectively from
the face, which contacts the circuit board 11, of the fitting
edge portion 25 formed on the metal plate 12, is formed.
[0023] FIG.6 shows steps of forming the fitted hole 30
in the metal plate 12. FIGS.6 6 (a) (b) show the steps of
forming the housing recess portion 18 by applying the
press working to the metal plate 12.
FIG. 6 (c) shows a situation that a projected portion 31,
whose planar shape projected from the face 25a, which
contacts the circuit board 11, of the fitting edge portion
25 is a circle, is formed by applying the half-cut process-
ing to the fitting edge portion 25. The projected portion
31 is projected from the face 25a of the fitting edge portion
25 by a level difference 31a by the half-cut processing.
Then, a through hole 33 is formed to pass through the
projected portion 31 in a thickness direction (FIG.6 (d)),
then a diameter-widened portion 34 is formed in an inner
surface of the through hole 33 by widening the inner sur-
face of the through hole 33 by the press working (FIG.6
(e)), and then the through hole 33 is shaped into the fitted
hole 30 having a predetermined diameter by applying a
shaving processing to the inner surface of the through
hole 33 on the end surface side rather than the diameter-
widened portion 34 (FIG.6(f)).
Accordingly, the fitted hole 30 is formed in the projected
portion 31 formed on the fitting edge portion 25 of the
metal plate 12. A level difference 34a is formed on an
inner surface of the projected portion 31 on the projected
end side.
[0024] An inner diameter of the fitted hole 30 is set to
have the same value as an outer diameter of the second
projection 22 constituting the fitting projection 21. Also,
an outer diameter of the first projection 23 constituting
the fitting projection 21 and an outer diameter of the pro-
jected portion 31, in which the fitted hole 30 is formed,
are set almost identically.
The processes of forming the fitting projection 21 and the
projected portion 31 having the fitted hole 30 can be car-
ried out subsequently to the step of forming the housing
recess portion 18 by applying the press working to the
metal plate 12 as a series of processes. Therefore, these
processes can be carried out effectively as the method
of processing the metal plates 12a, 12b.
As described above, the metal plates 12a, 12b fitted to
both surfaces of the circuit board 11 have the perfectly
identical shape containing configurations of the fitting
projection 21 and the fitted hole 30. Therefore, such an
advantage can be made that only one type of metal plate
12 may be processed.
[0025] FIG.4 shows the memory module 10 in which
the metal plates 12a, 12b, in which the fitting projections
21 and the fitted holes 30 are formed as the fixing mem-
bers 20 by the above method, are fitted to the circuit
board 11. FIG.4 (a) shows a neighborhood of the end
edge portion of the memory module 10 in the longitudinal
direction in an enlarged manner when the memory mod-
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ule 10 is viewed in the planar direction, and FIG.4(b)
shows a sectional view taken along a C-C line in FIG. 4(a).
The metal plates 12a, 12b are fitted by engaging the fitting
projections 21 with the fitted holes 30 in the notches 29
provided in the circuit board 11 to put the circuit board
11 between them.
[0026] The method of fitting the metal plates 12a, 12b
to the circuit board 11 to put the circuit board 11 between
them is shown in FIG.7 and FIG.8 while enlarging their
fitting portions.
FIG. 7 shows a situation that the metal plates 12a, 12b
are arranged to put the circuit board 11 between them.
The metal plates 12a, 12b are aligned with the notch 29
formed in the circuit board 11, and then positioned to
oppose their opening side of the housing recess portion
18 to each other. The metal plates 12a, 12b are arranged
to put the circuit board 11 between them in a situation
that the fitting projection 21 and the fitted hole 30 are
opposed mutually. In FIG.7, a portion of one metal plate
12a in which the fitting projection 21 is formed and a
portion of the other metal plate 12b in which the fitted
hole 30 is formed are illustrated.
[0027] FIG.8 shows a situation that the metal plates
12a, 12b are fitted to the circuit board 11. The first pro-
jection 23 formed on the metal plate 12a is inserted into
the notch 29 from one side of the circuit board 11, and
the projected portion 31 in which the fitted hole 30 is
formed is inserted into the notch 29 from the other side
of the circuit board 11. Accordingly, the metal plates 12a,
12b are positioned on the circuit board 11. Also, since a
height sum of the level difference 23a of the first projec-
tion 23 and the level difference 31a of the projected por-
tion 31 is set to coincide with a thickness of the circuit
board 11, the metal plates 12a, 12b can be fitted to the
circuit board 11 in a situation that the fitting edge portions
25 of the metal plates 12a, 12b come into touch with a
surface of the circuit board 11.
[0028] When the first projection 23 and the projected
portion 31 are inserted into the notch 29, the second pro-
jection 22 is inserted into the fitted hole 30. Then, a top
end portion of the second projection 22 inserted into the
fitted hole 30 is crashed to prevent the second projection
22 from being disconnected from the fitted hole 30. Since
the level difference 34a is formed on the inner side of the
projected end surface of the projected portion 31 and a
diameter of the area inner than the level difference 34a
is widened, the metal plates 12a, 12b can be fixed in a
condition that the second projection 22 is prevented from
being disconnected from the fitted hole 30 by crashing
the second projection 22 from the metal plate 12b side.
A reference 22a indicates the crashed portion of the sec-
ond projection 22 that undergoes the crashing working.
The fixing members 20 are provided to the metal plates
12a, 12b to coincide with both end portions of the circuit
board 11 in the longitudinal direction, and the fitting pro-
jection 21 is fitted into the fitted hole 30 and then the
crashing working is applied to the fitting projection 21 to
prevent a disconnection from the fitted hole 30. There-

fore, the metal plates 12a, 12b can be simply fixed and
fitted to the circuit board 11.
[0029] In FIG. 7 and FIG. 8, for convenience of expla-
nation, the notch 29 in which the fitting projection 21 and
the projected portion 31 in which the fitted hole 30 is
formed are engaged with each other is illustrated as the
circular through hole. The case where the fixing members
20 are engaged with the rectangular notches 29 whose
outer side is opened, as shown in FIG.2, can be applied
totally similarly.
That is, in the memory module 10 of the present embod-
iment, in order to position the metal plates 12a, 12b in
the length direction of the notch 29 (the short side of the
circuit board 11), as shown in FIG.3, the metal plates
12a, 12b are positioned by providing two fixing members
20 in parallel in the short-side direction of the circuit board
11 and arranging two first projections 23 and two project-
ed portions 31 in parallel in the notches 29. FIG.4 shows
that the metal plates 12a, 12b are positioned by arranging
two fixing members 20 in the notch 29 respectively.
[0030] In this way, when a plurality of fixing members
20 are formed in one edge end portion and the other edge
end portion of the metal plates 12a, 12b, like the above
embodiment, the same type of fixing members 20 may
be formed collectively such that the fitting projections 21
may be formed on one edge end portion and the fitted
holes 30 may be formed in the other edge end portion,
otherwise different types of fixing members 20 may be
formed in combination such that the fitting projection 21
and the fitted hole 30 may be formed on one edge end
portion and the fitted hole 30 and the fitting projection 21
may be formed in the other edge end portion.
[0031] FIG.9 shows another embodiment of the sem-
iconductor module in which the metal plates 12a, 12b are
fitted to the circuit board 11 by fitting the fitting projections
21 into the fitted holes 30. The present embodiment is
characterized in that a projection height of the first pro-
jection 23 of the fitting projection 21 formed in the metal
plates 12a, 12b is set equal to a thickness of the circuit
board 11 and thus the fitted hole 30 is formed in the fitting
edge portion 25 as it is not to provide the projected portion
31 to the metal plates 12a, 12b.
The method of fixing the metal plates 12a, 12b mutually
in a state that the circuit board 11 is put between the
metal plates 12a, 12b by providing the level difference
34a to the inner surface of the fitted hole 30 on the side
that contacts the circuit board 11, inserting the second
projection 22 into the fitted hole 30, and applying the
crashing process to the projected end surface of the sec-
ond projection 22 to prevent a removal of the fitting pro-
jection 21 from the fitted hole 30 is similar to the above
embodiment.
[0032] In the present embodiment, the fitting holes via
which the semiconductor module heat radiation plate is
fitted are formed in symmetrical positions on both ends
of the circuit board 11 in the longitudinal direction and
then the fitting projections 21 are formed on one side of
the metal plates 12a, 12b and the fitted holes 30 are
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formed in the other side of the metal plates 12a, 12b to
correspond to the fitting holes. Therefore, the metal
plates 12a, 12b can be fitted to the circuit board 11 only
by preparing the totally same metal plates.
In this case, one side and the other side of the metal
plates 12a, 12b signify that positions of the fitting projec-
tion 21 and the fitted hole 30 formed in the metal plates
12a, 12b can be selected exchangeably in design, and
should not be interpreted that they specify particular po-
sitions of the metal plates 12a, 12b.
[0033] Also, in the above embodiment, an example in
which the notches or the through holes are provided to
both ends of the circuit board 11 formed like a rectangle
in the longitudinal direction is explained. But the fitting
positions in which the semiconductor module heat radi-
ation plate is fitted to the circuit board 11 are not always
limited to both ends of the circuit board 11 in the longitu-
dinal direction.
However, in the memory module used normally, since
the semiconductor memory or wiring patterns are formed
on an almost overall surface of the circuit board 11, ac-
tually the fitting holes via which the semiconductor mod-
ule heat radiation plate is fitted are limited to the outer
peripheral portion of the circuit board 11. The semicon-
ductor module heat radiation plate according to the
present invention has such an advantage that, because
the fitting projection 21 and the fitted hole 30 are formed
and provided by the press working, the fitting structure
used to fit the heat radiation plate, or the like can be
formed without fail even in the narrow area such as the
outer peripheral portion of the circuit board 11.
Also, the metal plates 12a, 12b are never protruded to
the outside of a planar area of the circuit board 11 in a
state that the metal plates 12a, 12b are fitted to the circuit
board 11, and thus a size reduction of the semiconductor
module can be achieved.
[0034] Also, according to the semiconductor module
of the present embodiment, the fitting projections 21
formed on the metal plates 12a, 12b themselves and the
fitted hole 30 are engaged with each other and then the
metal plates 12a, 12b are coupled together and fixed
mutually by the caulking process. Therefore, unlike the
related art, there is no necessity to couple by using the
rivets, and thus the number of assembled parts can be
reduced and the manufacturing steps can be simplified.
Also, positioning between the metal plates 12a, 12b can
be exactly conducted by aligning the fitting projections
21 with the fitted holes 30. Also, positioning between the
circuit board 11 and the metal plates 12a, 12b can be
simply and exactly conducted by aligning the fitting pro-
jections 21 and the fitted holes 30 (the projected portions
31) with the fitting holes (the through holes, the notches)
provided to the circuit board 11.
Also, since the projected end portion of the fitting projec-
tion 21 undergoes the crashing process in the fitted hole
30 in caulking the fitting projection 21, the crashed portion
is not protruded to the outside of the metal plates 12a,
12b, the extra projected portion is not formed, and an

appearance clears out.
[0035] Then, FIG. 10 shows an example in which the
semiconductor module heat radiation plate according to
the present invention is applied to the circuit board 11 on
which an active device 38 is mounted. In this semicon-
ductor module, the active device 38 is mounted in a cent-
er area on one surface of the circuit board 11 and the
semiconductor memory 17 is arranged on right and left
sides and on a back surface respectively. In this embod-
iment, in addition to the housing recess portion 18 in
which the semiconductor memory 17 is housed, an aux-
iliary housing recess portion 37 into which the active de-
vice 38 is installed is provided. Like the housing recess
portion 18, a depth dimension of the auxiliary housing
recess portion 37 is set in such a way that a back surface
of the active device 38 comes into touch with an inner
surface of the auxiliary housing recess portion 37 when
the metal plate 12a is fitted to the circuit board 11.
The method of fitting the metal plates 12a, 12b to the
circuit board 11 by providing the fitting projections 21 and
the fitted holes 30 to the fitting edge portions 25 of the
metal plates 12a, 12b and then fitting the fitting projec-
tions 21 into the fitted holes 30 in the positions of the
fitting holes provided to the circuit board 11 is similar to
the case in the above embodiment.
[0036] In this case, in the semiconductor module of the
present embodiment, since shapes of the metal plates
12a, 12b fitted to one surface and the other surface of
the circuit board 11 are not perfectly identical, two types
of metal plates 12a, 12b must be prepared.
A generation of heat from the active device 38 is in-
creased in the circuit board 11 on which the active device
38 is mounted. Therefore, since the heat radiation plate
is brought into direct contact with the active device 38
and the semiconductor memory 17 or the heat radiation
plate is brought into contact with them via the thermal
conduction tape 28, a heat dissipation capacity from the
active device 38 and the semiconductor memory 17 can
be improved and also reliability of the semiconductor
module can be improved.
It will be apparent to those skilled in the art that various
modifications and variations can be made to the de-
scribed preferred embodiments of the present invention
without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention cover all
modifications and variations of this invention consistent
with the scope of the appended claims and their equiv-
alents.

Claims

1. A semiconductor module comprising:

a circuit board;
semiconductor devices mounted on both surfac-
es of the circuit board; and
heat radiation plates provided to the both sur-
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faces of the circuit board to cover the semicon-
ductor devices,
wherein the circuit board has a fitting hole via
which the heat radiation plates are fitted, and
wherein each of the heat radiation plate has a
fitting edge portion in a position of the heat ra-
diation plate that overlaps with a position in
which the fitting hole is formed, and each of the
heat radiation plate has a fixing member, which
is provided at the fitting edge portion and inte-
grally with the heat radiation plate, for fixing both
the heat radiation plates to the circuit board by
caulking to align with the fitting hole.

2. A semiconductor module according to claim 1,
wherein the each of heat radiation plates has a hous-
ing recess portion in which the semiconductor device
is housed.

3. A semiconductor module according to any of the pre-
ceding claims, wherein the fitting edge portions is
provided within a board plane of the circuit board on
an outside of the housing recess portion.

4. A semiconductor module according to any of the pre-
ceding claims, wherein the fixing member formed on
one of the heat radiation plates is a fitting projection
and the fixing member formed on the other of the
heat radiation plates is a fitted hole that engages with
the fitting projection.

5. A semiconductor module according to any of the pre-
ceding claims, wherein the fitting hole is formed in
plural as a paired arrangement in which arrangement
positions are common on front and back surfaces of
the circuit board, and
the fixing member formed to correspond to one fitting
hole as the paired arrangement and the fixing mem-
ber formed to correspond to other fitting hole as the
paired arrangement are formed on both heat radia-
tion plates as paired structures that are fitted mutu-
ally and fixed by caulking.

6. A semiconductor module according to any of the pre-
ceding claims, wherein the fitting hole is formed as
a notch in both end edges of the circuit board in a
longitudinal direction respectively.

7. A semiconductor module according to any of the pre-
ceding claims, wherein one of the fixing members is
formed as a fitting projection and other of the fixing
members is formed as a fitted hole that is combined
with the fitting projection.

8. A semiconductor module according to any of claims
4 - 7, wherein the fitting projection has a first projec-
tion inserted into the fitting hole and a second pro-
jection formed to project from an end surface of the

first projection,
wherein the fitted hole is formed to have a diameter
dimension through which the second projection is
inserted into a projected portion that is inserted into
the fitting hole, and then fixed by caulking, and
wherein a height sum of the first projection and a
level difference portion of the projected portion co-
incides with a thickness of the circuit board.

9. A semiconductor module according to any of claims
4 - 7, wherein the fitting projection has a first projec-
tion inserted into the fitting hole and a second pro-
jection formed to project from an end surface of the
first projection,
wherein the fitted hole is formed to have a diameter
dimension through which the second projection is
inserted and then fixed by caulking, and
wherein a height of a level difference portion of the
first projection coincides with a thickness of the cir-
cuit board.

10. A semiconductor module heat radiation plate used
in assembling the semiconductor module in which a
fitting hole formed in a circuit board is formed in plural
as a paired arrangement in which arrangement po-
sitions are common on front and back surfaces of
the circuit board, the heat radiation plate comprising:

a first fixing member formed to correspond to
one fitting hole as the paired arrangement; and
a second fixing member formed to correspond
to other fitting hole as the paired arrangement,
wherein the first and second fixing members are
formed on the heat radiation plate as paired
structures with the other heat radiation plate with
the same structure so that the first and second
fixing members of the heat radiation plate are
fitted mutually and fixed by caulking to those of
the other heat radiation plate.

11. A semiconductor module heat radiation plate ac-
cording to claim 10, wherein the first fixing member
is formed as a fitting projection and the second fixing
member is formed as a fitted hole that is combined
with the fitting projection.

12. A method for producing a semiconductor module
heat radiation plate used in assembling the semicon-
ductor module in which a fitting hole formed in a cir-
cuit board is formed in plural as a paired arrangement
in which arrangement positions are common on front
and back surfaces of the circuit board, the method
comprising the steps of:

- shaping a first fixing member formed to corre-
spond to one fitting hole as the paired arrange-
ment; and
- shaping a second fixing member formed to cor-
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respond to other fitting hole as the paired ar-
rangement, wherein the first and second fixing
members are formed on the heat radiation plate
as paired structures with the other heat radiation
plate with the same structure so that the first and
second fixing members of the heat radiation
plate are fitted mutually and fixed by caulking to
those of the other heat radiation plate.

13. A method for producing a semiconductor module
comprising:

- providing a circuit board;
- mounting semiconductor devices on both sur-
faces of the circuit board;
- covering the semiconductor devices by apply-
ing heat radiation plates to the both surfaces of
the circuit board;
- fitting the heat radiation plates via a fitting hole
in the circuit board;

wherein each of the heat radiation plate has a fitting
edge portion in a position of the heat radiation plate
that overlaps with a position in which the fitting hole
is formed, and each of the heat radiation plate has
a fixing member, which is provided at the fitting edge
portion and integrally with the heat radiation plate,
for fixing both the heat radiation plates to the circuit
board by caulking to align with the fitting hole.
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